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Chapter 1 Atoms and Molecules

v il

1. Elements and compounds

There are two types of pure substance: elements
and compounds.

e Elements are substances that cannot be chemically
broken down into simpler substances.

e Compounds are pure substances made from
two, or more, elements chemically combined
together.

Elements are the "building blocks" from
which the Universe is constructed. There are over a
hundred known elements, but the vast majority of
the Universe consists of just two. Hydrogen (92%)
and helium (7%) make up most of the mass of the
Universe, with all the other elements contributing
only 1% to the total. The concentration, or "coming
together", of certain of these elements to make the
Earth is of great interest and significance. There are
94 elements found naturally on Earth altogether.
Two elements, silicon and oxygen, which are
bound together in silicate rocks. Only certain of the
elements are able to form the complex compounds
that are found in living things. For example, the
human body contains 65% oxygen, 18% carbon,
10% hydrogen, 3% nitrogen, 2% calcium and 2%
of other elements.

2. Chemical reactions and physical changes

Substances can mix in a variety of ways, and

New Words and Expressions
element ['elimant]

n. JLHR; HR

chemically ['kemikl1]
adv. ibEE, DMESER A

hydrogen ['haidrad3zan]
n. &

silicon ['s1ltkan]

n. ks &ﬁ%
oxygen ['pksidzan]
n. 85, &

nitrogen ['nartradzan]
n. A,
calcium ['kaelsiam]

n. 5
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they can also react chemically with each other.
In a reaction, one substance can be transformed
(changed) into another. Copper carbonate is a
green solid, but on heating it is changed into a
black powder (Figure 1-1). Closer investigation
shows that the gas carbon dioxide is also produced.
This type of chemical reaction, where a compound
breaks down to form two or more substances, is

known as decomposition.

Figure 1-1 Heating copper carbonate

Decomposition can also be brought about
by electricity. Some substances, although
they do not conduct electricity when solid, do
conduct when they are melted or in solution.
In the process of conduction, they are broken
down into simpler substances. Thus, lead (II)
bromide, which is a white powder, can be
melted. When a current is passed through molten
lead (IT) bromide, a silver-grey metal (lead) and
a brown vapour (bromine) are formed. Neither
of these products can be split into any simpler

substances.

copper carbonate
['kopa 'ka:baneit]

n. TRIR

carbon dioxide
['ka:ban dar'sksaid]
n. ALK
decomposition
[dizkbmpa'zifn]

n o, JEIEs ARIR

bromide ['braumaid]
n. R4
silver-grey ['silva'grei]

n. PKE
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The opposite type of reaction, where the
substance is formed by the combination of two
or more other substances, is known as synthesis.
For example, if a pieced of burning magnesium
is plunged into a gas jar of oxygen, the intensity
(brightness) of the brilliant white flame increase.
When the reaction has burnt out, a white ash
remains (Figure 1-2). The ash has totally different
properties form the original silver-grey metal
strip and colorless gas we started with. A new
compound, magnesium oxide, has been formed
from magnesium and oxygen.

Figure 1-2 Burning magnesium produces

a brilliant white flame

Although many other reactions are not as
spectacular as this, the burning of magnesium
shows the general features of chemical reactions.

3. Atoms and molecules

The molecular structure hypothesis-that
a molecule is a collection of atoms linked by a
network of bonds was forged in the crucible of
nineteenth century experimental chemistry. It
has continued to serve as the principal means
of ordering and classifying the observations of
chemistry. The difficulty with this hypothesis

was that it was not related directly to quantum

synthesis ['s1nB1515]
n G Gak

magnesium oxide
[mag'niizizam 'oksaid]
n. F e

atom ['&@tam]

n i JRFRE
bond [bond]

n. AL

quantum ['kwpbntam]
n. %%3 %%9 }é\%
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mechanics, the physics which governs the motions
of the nuclei and electrons that make up the
atoms and the bonds. Indeed, there was, and with
some there still is, a prevailing opinion that these
fundamental concepts, while unquestionably
useful, were beyond theoretical definition. We
have in chemistry an understanding based on a
classification scheme that is both powerful and
at the same time, because of its empirical nature,
limited.

Richard Feynman and Julian Schwinger have
given us a reformulation of physics that enables
one to pose and answer the questions "what is an
atom in a molecule and how does one predict its
properties?" These questions were posed in my
laboratory where it was demonstrated that this
new formulation of physics, when applied to the
observed topology of the distribution of electronic
charge in real space, yields a unique partitioning
of some total system into a set of bounded spatial
regions. The form and properties of the groups
so defined faithfully recover the characteristics
ascribed to the atoms and functional groups of
chemistry. By establishing this association, the
molecular structure hypothesis is freed from its
empirical constraints and the full predictive power
of quantum mechanics can be incorporated into
the resulting theory-a theory of atoms in molecules
and crystals.

The theory recovers the central operational
concepts of the molecular structure hypothesis, that
of a functional grouping of atoms with an additive
and characteristic set of properties, together with
a definition of the bonds that link the atoms and

impart the structure. Not only does the theory

nuclei ['njuzkliai]

nt%l, BT BT%

topology [ta'pblad31]
n. ¥aFhEEr
electronic charge
[ilek'tronik tfa:d3]
n. HLTFAeT
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thereby quantify and provide the physical
understanding of the existing concepts of
chemistry, it makes possible new applications of
theory. These new applications will eventually
enable one to perform on a computer, in a manner
directly paralleling experiment, everything that
can now be done in the laboratory, but more
quickly and more efficiently, by linking together
the functional groups of theory. These applications
include the design and synthesis of new molecules
and new materials with specific desirable
properties.

Matter is composed of atoms. This is a
consequence of the manner in which the electrons
are distributed throughout space in the attractive
field exerted by the nuclei. The nuclei act as point
attractors immersed in a cloud of negative charge,
the electron density (r). The electron density
describes the manner in which the electronic
charge is distributed throughout real space. The
electron density is a measurable property and it
determines the appearance and form of matter.
This is illustrated in the following figures. Figure
1-3 displays the spatial distribution of the electron
density in the plane containing the two carbon and
four hydrogen nuclei of the ethane molecule. The
electron density is a maximum at the position of
each nucleus and decays rapidly away from these
positions. When this diagram is translated into
three dimensions, the cloud of negative charge
is seen to be most dense at nuclear positions
and to become more diffuse as one moves away
from these centres of attraction, as illustrated in

Figure 1-3.

negative charge
['negativ tfa:d3]
n. T

electron density
[1'lektran 'densiti]

n. HTHE

ethane ['eBiin]
n. L

nuclear ['nju:klia]
adj. J&FRERY s 4HMAZ I s
UL R R
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Figure 1-3 Envelopes of the electron density

for the ethene molecule
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— SR R P Y R E R T, O R] DAE T AL AR i O AT A
N, FERMNEET, ENSEMRSHERBRYR, FHit, AanAicRigmt
AT AR R, BT RR, S AERK AR SRR ARIRR, XMW
P RASRE R — 25 0

SR SAR I, B PR A DA R BCA — R SR SRR R
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—FEE L SRR, R h BT A M.

BRI A — SO S AR R BOX 2,58 5, (B2 BEAYIREE RO T 1o B,
(14 3 4
3. /AT
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Further Reading
Elements and Compounds

Elements and Compounds All matter is composed of basic substances called
elements. An element cannot be broken down into simpler units by chemical reactions;
it contains only one kind of atom. An atom is the smallest characteristic unit of an
element. A compound is a substance that can be split into two or more elements. Water
is a compound because it can be split into its components, hydrogen and oxygen. The
formula of a compound gives information about the kinds and numbers of atoms
that make up each molecule of that compound. A formula contains the symbols of the
kinds of atom in each molecule and subscripts that indicate the number of each kind of
atom in the molecule. For example, the formula for water, H,O, indicates that a water
molecule contains two hydrogen atoms and one oxygen atom; and a molecule of the
glucose, CH,,0;, contains six carbon atoms, twelve hydrogen atoms, and six oxygen
atoms. When carbon unites with oxygen, it forms a colorless, odorless, and tasteless
gas called carbon dioxide, which is heavier than air and will extinguish a flame. Carbon
dioxide is like nitrogen in many ways, but if it is mixed with limewater, it causes
the clear liquid to because milky, while nitrogen dose not. This is the test for carbon
dioxide. Carbon dioxide is a source of plant food. Plant has the power to take this gas
from the air, combine it with water, and make it into their tissues; in fact, it is from

8
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this source that all organic carbon comes. Mineral compounds are made of elements

such as sulphur, phosphorus, iron, potassium, sodium, and calcium. Calcium unites

with sulphur and oxygen to form calcium sulphate, and phosphors and oxygen to form
calcium phosphate, sodium and potassium unite with oxygen and nitrogen to form
sodium to potassium nitrates.

New Words

formula ['farmjula] adj. il /7

mineral ['minaral] n. B4

sulphur ['salfa] n. #i#; HiEM
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